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2. IC Level Packaging &

THE IC packaging 71%914 F23F AFRE 7192} A
Aol w2 G Ao g FE3H= A, v picch
ol w}Z interconnection WY A&, A%} B35 EA g
encapsulation W 2 A F Ae], T2 7 flip chip TA

o EUE AT Aol 7o £de) e o] olek

2.1 RF IC Substrate

RF 3= 3MHz~300GHz 8 9o A 11 o))
TV, Radar, Cell phone, GPS, WLAN, WMAN, Satellite
TV Sl 2457 gt} ITRS 2003¢] <53, 10-40
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Fig. 1. Application spectrum (from ITRS 2003).
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GHz |- SifSiGe s} -V 3}E v A7t A%
£ o= A%o|u}, high power gain®]|t} ultra low noise”7}
S75HE ZAdde M-V 3tgE A& A s e
= o2 BoltkFig. 1).

I8 Si/SiGeol] 9JoIx= GaAsdl] vlgle] =& 93
2 A4 (GaAs:Si=046:1.5 W/cm-"C), -&-°}3} die thin-

gain 5] OlE 2PAIE 471 VBT 5 U Ao] 7
23} driving forceo|t}.

2.2 Silicon RF IC Packaging Technology

RF packaging 7}&o)| A £Q3F A2 package &3¢
parasitic capacitance<} inductance, 18] 3 coupling
oA B2 impedance & H k= ZAORE, Fejo] Yyt
Z]<] packaging 7]&o] Z-&-Hth @A) SGHz the o] v}
o|AZA|2H Ao HLEE ICE 913 package type
0 2= AmkorAte] MLFMicro Lead Frame) 2 2] A
Aol Zlezg S AMS-sk 717 Z71E o 2719
VA RHE CSP 3 71%] £FA0|th 7]1E4] grxd
o 71Xk ThE A 1A vheE o] 7PERkE o] 4~56
el o]2& MEE FAAAA 719 =8 diAs=
HhalS- ARG Ho|m, WSk exposed pad o] Ao 2 F
e W 71eS A88 AlEoltkFig. 2).

RF IC9] F7of wh& W S 38k #1714 &
Aol th3ll multi-mode, multi-band 2 AR A I A=
4-AE) TH719) 4] BEo] mial) SUHOL AR
t}. TransceiverE 1-chip 0 2 &3l AL TiEsl=
FHE AR 5 A SAHNE ke 45 184

ol A7t SRAM 2 E5] ICE7}H A4 He] Slrh
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Fig. 2. Amkor's MLF.

metA ©d 5 ICE 4 8= LNA(100mW),
Mixer(100mW), PLL(20mW), PA(1-3W) Soj4 H 5
o] AYARI} 7 B2 PAS & FA| Aol H71H
71w SHoA s ojoF & Aolth UWHH O = active
junction¥} case®] 2% x}o]7} 50°C ]2 component 2
power”} 0.8W2tH 40°C/We] & A3} 3 2t &
2] SOIC type&] packageZx WA E = &8 Hi3]
HEE A HE S5 Al2F ] AFo) mAlE
2 nlnleleh. e} PAS) 5ol wAlehe Q)
FFHHR] WEo| F 23|, AmkorAl MLF#] 73-¢- chip
o] lead frame 2] metal padell, metal pad= PWB 9] ther-
mal padol] BHEA ] HHAAE AHE-ate] F e o],
PWB 2] thermal via8] Aol w2} Xtol= AAAIRE, 4-

sWel HHATE 283 298 5 92 itk

2.3 Flip Chip Technology

Flip chip 7|2 7]1£8 @49 & s§71A] 73214 )
A A& A eFslal bare die AFA|E PCBo] attach 3}
+ 7]% = bare chipo] 7oAl &= A& WA|sh= thA =2
PCB2}2] CTE mismatch® <13} interconnection®] fail-
ureE WASRE th S Tl el of gk Ao o
3k i o 2= 2143 die T, backgrinding AEY, dic-
ingell whE chip edge 2ol st #e] To] sloH, &
2}e] 73-9-0)| = flip chip bonding 3+ $0)) underfill 23S
83l AW} T filmo|} printing W] O 2 o]ukA A
E==(anisotropic conductive layer)S Z-&3}7 Wt Zof
glob-topS 8}d chipg B &sh= 0 &0l 3tk

L1 T AR UBM bump 7328 A& o]t.
EUE AN ol 74 £Ue oy (FE A
L5 A &AL Sn7} SAC305: Sn-Ag-Cu AEY), € ©]
o W 47 3FE-E(IMC: intermetallic compound)
o] PO F FEE W= 71AIF JEE Il of stk

A FEst = ¢
=

== |

oz Aol $58 T8 N/AuE 28317 Au

stud bumpE B3t FHE W) Al St 3

HgY Hed, 20054 ‘2%||4‘
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Table 1. Bump X{ZY Flip Chip 2AEH

Material Bump process UBM Flip chip bonding
Plating
Ball transfer+Reflow Ni+Au
)
Solder Solder jeting TiW+Cu Reflow (+Underfill)
Paste printing+Reflow
Thermo-sonic
Au Stud bumping ACF
(Ni+Auy* (Reflow+Underfill)

* Au stud bump®} solder?} bonding$) 790l (NirAu) UBMS ARE-3ic)

& ZFoltk

Table 1-& bump2] &4 W6 w3 Bgolu).

22 size2] RF ICE SOIC packageo] %) 8l
open/short test X} v}x| ¥ &3)}81= 97} 9ok 1
HUIC7H o B33k 7158 7851 =W, packaging
cost7t 70%¢l] S-8}8}A] =&} packaging costE saved
HZ O 2 wafer level 9] RF test7} Q314 217, flip

chip 71&& +d37] €13 bare chip® & KGD(known

good die)L} CSP2] ZFo] 7Rs31A ® Holtk

3. Board level B3F g

Board level packagingoll-{= RF 43}e] HH G o
| HiR), 22ES A3k 29 7HY, ARk W
b 5ol Ad=dl, AA= SOP9} Stacking 7]&o] 1, T2}

PCB/LTCC #&d7|zo|th 5 2242 W3] 2l
Me A4 A (LTCO)o) JFAH oz Aty
o} olFEAe 4 B4 A2 FHRXEE 300C
<o 8 vE Zn-Aaty Bl s A+ =
isit}. wA Zolof tis) 7Heks] HEE staal gk
3}kl = SOP2} SiP (System in Package)ol] t) 3}t y=gho)
224, SOP+= multi chip module 7RgollA S@361997,
SiP+= stacking 7Hdoll A &1t 0 1 22 goal S 3]
o7ty 912, 714 Z23F 2 lumped elements 7Hd
© 2 RF system packagingS- 73ulet48}3t7 7158 o
AA71E Hells @AI7F 9o} B3] distributed elements
70d 3 tjE-of DFM/DFI(Design for Manufacturing
/Mntegration)& T=As)oF & Aotk FAE MCPE 2-5
70¢] chipo] @ FHFRE FAH g Tt
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3.1 S0P 7|=

Mobile systemo] 244 ge] sfelo] 214 ue} o
Zdekcka] tid 277 51 gk A 7R 7158 ©
AsPEA A7)= Z2 A& F=7-3F= one-chip solution
of thgh A7} Bol P =, o]Zlo] vlE SOC
o|t}. 1=y} RF$} AMS(analog/mixed signal) 2] 42
SOl S A A, 3 B3, 23T A3k 9t
45 55 ol R E £ nmF FA71&ZE single chip
cell phone o]t} single chip PC9} 7+ ~5=2] SOCE= &
7hsttt. ololl thgt g2 2 & gAY gt Zio] SOPo[t.

SOPE Aol = 33} ARE AME 3 B 2
5 1C2 AT, A 105 AN 27 Aol
A71HQ) AZE HHshete] 455 SOC g2 3
APl 71eE et

RF 27 @4 B-5 ICZ packaging =7]= 3pA|¢
AMS 2ZETH 2 T AMS-EH7] W Eo RF &
Zpe] AA}717 Yol 4] packaging A F AT 3|22 O
AR 243X 2 RF moduleo}t} SOPo) A4+ chips
package 2] co-designo] L7t} T3 AMS AAHE
& RF A" S AAlskE dl oA FES 5 2t
£ 4 s oF st of 7)ol embedded passive
devices & 7Fs81A 3= LTCC$}F 2| 22 composite 7|
Hol 5743 Aot

3.2 3D Stacking 7|=

Piggy-back type| #|%.2] IC stacking2 53+ A &
F SR FFAM Bl o B F] A4S AE
3k 4= ATk WEEA] Ao A+ wafer thinning(50-70
um) 7)&2] WaF) 7 5-8 7je] wlEe] e W EE
=8 Y5l Yool 230 2 dieE stacking 3}e] MCP
E Az wfsia gk

3D stacking®] 34 71&& die FA &} A7 WE
spacer®] #4313} interconnection ¥PH 2] Mejo|ct g 7}
A] of| £ wire bonding2 $HhH, die] F3] 7l=ol wE
bonding parameterE Zrolo} sl Zlo|t}. Encapsulation

o] 9PHE 2 23], package warpage, EMC void, wire
sweep 5ol thdtd A g ES 1t top gate 1
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Table 2. 1&- % 8 PWB Ao £

PWB =2 Tg('C) tané Analog(Hz) | Digital(Hz) | Er(@1MHz) | CTErjppm) | Thk(mi) | Laminate($/ft2)
FR4 160 2-3 200M 3G 3946 250 12 1525
BT 180 02 300M 4G 3946 230 12 455
%! 250 0t 600M 8G 4045 220 1-2 65-75
FR408 180 015 400M 6G 344 220 12 335
GETEK 180 012 500M G 3542 220 12 34
Nelco 4000 210 01 800M 10G 3735 150 1 2-35
Neloo 6000 210 008 2G 206 3332 100 1 4575
RO3003 350 0013 40G any 30 (10GHz) 13 1 16
RO4003 280 04 40G any 348 (10GHz) 40-50 1 85
o] hgo) AT gk 4, 24 &
33 1= - IF0E 25t PCB X2 4.1 Simulation

Table 2= 3%, Y730 th-3-5h= PCB Ad 54
e =, digital 4130l 20GHz ool M= 2417}
%121} analog A1 304 = th 80| 1GHz ©]3}7kA| R}
AT B4L FAE F dvke A B Fa itk &
A} A, 183 AZ Q7 ZHl A organic 7}
ceramic A 55 hybridg+ 7|Fo] A2 = 717 FA
g Filolct.

34 LTCC 7|1&

o] EHAA HLRo|, 3 IGHZE doiMH
71239 PCB 2-g-0] o8| = o], hybrid typeo| 1} Al
2 Z137iso] /i e A8 Qi

Aty 7|47 s e dF o AZEHE A1
uj(e|EAE 7|He] F5E Ao, interlayer registry)oll T
Bol, A7) AR=r 93 Ag AGY] Wi ARE AL
£ ¢ UEE LTCC 7He] B2 A7850TC o]3}e]
24 25, Ag paste 717} o] FolA SR, AE 7Y
3 g golgle i viEl ] EAE £7]6e UF B2
o] MefElojof shrk= A8 BASoF stk B Ay
A5 o] B 4% A (Zero-shrinkage process)ol| o §F
R&DE 3513 glout A SellA o2l v
g sl A 4] Z3r

B 2 2= Conductor 2} Dielectric®] % 72 7|(rough-
ness) & A Z7H dAke] A3-E- novel processe] Y HF
g4 gor A7 Fof Ak

RF IC= A12 3 tuning o] 7FC}2.9], simulationS- 23}
o 97)) A9 Q& 4 Y= Ao} Bk A
I 9 simulation tool 2 71241 A Fhol 95% 7}
A JIE g Yo AR FA L LA FETE
Ale) REEE 07-98% 711 AL 4 37 HE
3] 2 simulation, package level 7} board level ¢] field solv-
ing simulation, thermo-mechanical simulation 5 THIt
o] HE7F stk

Packaging simulation tool #17]2] ¥4{3} &-7|A1H
2402 RHE FRET. B 4719 B2 SOPS) 2
o] 4ol & 730l simulation> HEA A A7
tool®) =& glo)e YY) Bo) 423 Bt oz}
HAM o 2 Br1=3)t} PaxAle} CST-Koreas} 344 3
Rk e AS AN skH the3 2o AE design
tool2] Mentor2 Ad A 5le] A A neutral file-S field
solver$l MWS (MicroWave Studio)of| 4] import3d}e] £
Ajo] 7h5sk 3D Bl ¥o] 25 Ad =, material 4
£ $33}3 EM simulation #4312 31A =& Aot} €-
71A1 2 ¢l simulation-2 ANSYS toolo] F&0 2 AlL5]

2) o™, PAM(Power Amp Module)2] & 2414 &

A
&3k otk
4.2 Testing

ol A flip chip 71€& AF3HHEA KGDo thdt o]
oF7]1 & 31AI Y, digital devices$} analog devices®] X}

Mgy M6E, 20059 (2% (| 43
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OB test TSI By, digital 271 W71 2H
o A7 4 Qe B S e e AL F2AL
g 3z W], analog &7k w71 3H0R 1% A
714 574 AA| 9] margin HE FEHOR Ik T
WA, encapsulation © 2 <13F 718 EA4X]71 W37
wZoltt. mEbM A B 2T E B3] flaiA
© gitH g A7) FAo] FAH|L, WY 3F
o2 QIg ANHR] FA7 Hake Ax AT 5 gle
Zo|B g, ool mpE EAdel thgh marging FEZ 4 3
= 3714 7)¢ 7H2E RF ©2] impedance A $Ho] sim-
ulation®] 27} 5219} 3% olWfe] 221 Yo B
£ 3= o] 3% HAolny.

RF testing=- RF IC2] complexityol] w2} ()7l pin
<ol vld)), ATE(Automated Test Equipment) &} test fix-
tures] Al AEaE Flo) SRS WA FolT
Zu]2-9] test solutionS FHE 4= 9tk RF 3 A=
¢) ATE®] key parameters= =7 %] 2] repeatability, stand-
ing wave ratio(SWR), insertion loss, 12 1. isolation &
o|tf. ZHA| 2= calibrationo] YELZ 7|4 ZA 9] =
A repeatability S (<0.03db up to 26.5GHz) &H sla]
calibration$- & 4= glojok 3pH, SWRo| £0H 4 A
= ABRIZIER 7|AHR g2 dAsH Belste
(%13 pm) coaxial cable®]\} semi-rigid cable-S A 215}
1, cable Zo|E FH2slsl A 429 insertion lossE
FHaglala, AEAR9 cross-talk s Y T UEF =
2 isolation2(>90db) &Hslok it} (TS Qo] 7|3t
72 AgilentAl2] Switch Matrices 2] gFolt}) Load board
2} package pin(5-= port)E A4 3= contactors= <
7} 7F5% spring type S YUHAO Z AL FR=E] HEA
g3} 82 pin 749 cross-talk-2 AAGSHA| FAFESF 3F
£ o] Za3}t} Spring type contactor$l 7390, AF
4 34 # A 25943, pin pitch= 0.25 mm, AR 3t
T 4 GHz 7HA] o]t

Tester 2} contactor2 A A3H= load boardoll= PCBY:
ceramico] AME-E = PO Z AR EHE Cug Hod
2R =F =0 2 <13l conductor lossE A 83| o=

F AEE AFshes o] T3tk o] 219 RF 4742

44| Hzini2 2

Fig. 3. 3% SAEM: X-MEIZ)Y

input/output port 7+2] isolation, RF ground designol] 41
73& Moksic}. £3], gain, compression, Z1] 1L isolation
S =73}8A RF ground designo] A £Q 3t}

4.3 Inspection

)5t ZALE €] parameter & control & 4= IThH
U 438 Rojtk Fig. 3014 B uje} 7] LTCC
E A|=Hg Band pass filter®] inductor 5915 XA(F=)
7 2SI E ol galed vnkx) BAF A, X419
735l Bk AL s A& 5 IYeH, 34 3=

3 um °[Wf °jUTk.
5 2 E

AT A28l 9] 7) Aol A RF packaging2 © 42b
o] tha) A= 71552] component packaging 71&¢] T2
282 ZolH, RF9] A8 o] Ly B9E &
278 5471710l digt A= &4} packaging 714
o] FAlol aejxlojol & Aot} FAldl A wofof g
The AL vhEolol sk ©@e) 59 A7V ARE A
< U]l (F SOP 71&2] #-§o] ), ol Y7H
A SN B 74 FFo] £&o) HAEA X3t
H AT ol Fute) glvks A oJulgt) o
A o= SOPe) A 2ol glofA] wafer level testE
5% KGDo] g1} A slol] wpE Ao o g
DFI/DEM ¢} 7i'dol Fa38hA) =™, o) side) thgh A
3 o] AAIY AT A2 E AAE Aol

.1} = & NEMI(National electronic Manufacturing
Initiative)ol| A A E, AH] A, PCB 4], End UserZ



HEAE st T84 WA7IEd JF8a A
t}. & & NIST(National Institute of Standard and
Technology)] A ¢ 3ol A& F % project$l
AEPT(Advanced Embedded Passives Technology)& =
Aalo] A7E ST Uk o9} 2ol AT} FHL
¥ 7331o] consumer product-g- AABITHE AL e 7
Zhe] w9t S A4S infrastructure7F B AL
2 234700 2719 el Heo] BT
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